To compare outcomes between women receiving epidural anesthesia assigned to a group following either a 1-hour "delayed" pushing protocol or directed to initiate pushing at full cervical dilation.
Women receiving epidural anesthesia are thought to experience prolonged labor in comparison to those of nonanesthetized women because of relaxation of the pelvic floor musculature causing a delay in rotation of the fetal head. Also, diminishing the bearing-down reflex, which results in a decrease in the efficiency of the maternal pushing efforts, in combination with less uterine contractility, have been associated with the anesthetic effect. 1, 2 In an attempt to compensate for these presumed effects and shorten the length of labor, conventional care management for anesthetized women typically includes promotion of strong, sustained, and directed valsalva or closed glottis pushing efforts.
It has been suggested that this type of directed pushing may actually impede the progress of second stage due to tightening of the pelvic floor muscles and wedging of the fetal head behind the symphysis, particularly when pushing with the curved spine position of the commonly used semi-Fowler position. 3, 4 Research findings also suggest that fetal intolerance to a prolonged labor (often a concern of practitioners) may be less related to time actually spent in labor and more related to the stress of excessive and prolonged pushing efforts that decrease cerebral oxygenation and blood volume, and result in fetal heart rate deceleration patterns a cesarean delivery indication. [5] [6] [7] Therefore, the assumptions underlying concerns about prolonged labors may actually be less important than focusing on the limitation of both the intensity and duration of pushing efforts. This is particularly important given the potential maternal fatigue (another common indication for cesarean delivery) induced by long-term pushing efforts and for the increased likelihood of perineal tearing associated with sustained breath holding due to excessive perineal pressure and stretching that is thought to be aggravated by the semisitting or reclining position often used by women during the second stage. 8 -12 Recently, it is has been recommended that pushing be "delayed" and rest be promoted. This would allow spontaneous fetal descent to occur with uterine contractions or while waiting for an urge to push triggered by "Ferguson's reflex." The potential benefits of a delayed pushing approach, in terms of minimizing adverse maternal and neonatal outcomes, provides support for further investigation of second stage labor management for women receiving epidural anesthesia. [13] [14] [15] Therefore, a pilot study was designed to evaluate the use of delayed pushing in relation to length of the second stage, change in fetal station during the first hour following complete cervical dilation, Apgar scores, arterial umbilical blood gas values, and perineal integrity.
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METHODS
A multisite study was conducted from January 1996 through December 1996 in four U.S. tertiary level labor and delivery units. Nulliparous women (English-speaking) with healthy, singleton, and fullterm pregnancies and without evidence of fetal complications were considered as potential subjects. Preliminary study information was provided to women either in their physicians' offices or clinics affiliated with each hospital. Upon arrival in labor, women were approached by a labor and delivery nurse trained on the study procedures to receive information about the study and eligibility criteria. If interested in participating, signed written consent forms approved by the hospital Institutional Review Boards were obtained. Eligible subjects (those who subsequently received epidural anesthesia before 8-cm dilation) were then randomly assigned to either the control group (nondelayed pushing) or the experimental group (delayed pushing) using sets of sealed envelopes (containing assignments based on sequences of random numbers) prepared for each site by the research team biostatistician.
Following informed consent and randomization procedures, subjects received routine care in labor until the research protocol was instituted on documentation of full cervical dilation. The delayed pushing protocol involved commencement of directed pushing efforts (following confirmation of full cervical dilation by the attending labor and delivery nurse), either after a 1-hour rest period or in the presence of involuntary pressure accompanied by the urge to bear down. The nondelayed pushing protocol consisted of the commencement of pushing efforts immediately following confirmation of full cervical dilation, regardless of the presence or lack of bearing-down pressures experienced. Subsequent cervical examinations were to be performed by the same nurse. When this wasn't possible, a change in examiner was to be documented. Subjects in both groups were required to: (1) follow pushing guidelines that included breath holding no longer than 6 to 8 seconds; (2) have a documented adequate contraction pattern (a minimum of three to a maximum of five uterine contractions in a 10-minute period or a Montevideo score of 95 to 395 mm Hg; average of 200 to 250 mm Hg) if using an intrauterine pressure catheter; and (3) change bed positions at least every 20 to 30 minutes. Following delivery, arterial cord blood samples were to be collected on all study patients via standardized procedures to obtain blood gas values of pH, O 2 , CO 2 , and base excess values. Perineal integrity was measured by the incidence of hemorrhoids and perineal lacerations that were assessed following delivery. All data were collected and recorded by the attending nurse.
Power calculations were based on the major variable of interest, "length of second stage labor." A sample size of 300 was proposed based on achievement of adequate (89%) power for detecting a small effect size for continuous-scaled variables. A combination of multivariate and log-linear analyses were proposed to test group differences among the study variables.
RESULTS
Because of constraints of time and financial resources associated with completion of the study, the final sample was limited to a total of 153 subjects. The power analysis was repeated for this sample size and revealed that a comparison between the control and experimental groups could be attained for continuous and categorical (up to six categories) variables with a power of at least 80% and a medium effect size.
Subjects were 18 to 40 years of age and of mixed social and ethnic backgrounds. Each site provided 19 to 33% of the total subjects (Table 1) . There were no statistically significant differences ( p values of at least 0.3 for each) found between the control and experimental groups in relation to basic sample characteristics considered influential factors in affecting labor progress outcomes ( Table 2 ). The majority of women in both groups had vaginal deliveries, 63.9% (N ϭ 46) in the control group and 68.0% (N ϭ 104) in the experimental group (Table 3 ). The number of instrument deliveries were similar between the groups, 29.2% (N ϭ 21) of the subjects in the control group and 24.7% (N ϭ 20) of the subjects in the experimental group (Table 3 ). There were eight cesarean deliveries (5.2%) in the control group and five (6.9%) in the experimental group. Six indications were documented for instrument and cesarean deliveries, including maternal/fatigue exhaustion, fetal distress, failure to progress, prolonged second stage labor, malpresentation, and cephalopelvic disproportion/macrosomia. Using log-linear analysis, no association between group (control versus experimental) and the method of delivery was found at a 0.05 level of significance.
Anesthetic dosage concentration levels were not controlled in the study; however, 91% (N ϭ 68) of the control group and 96% (N ϭ 77) of the experimental group received bupivacaine (Marcaine; Astra, Westborough, Massachusetts), 0.12 to 0.25 mg, in combination with only slightly differing amounts of fentanyl via continuous infusion pump. Approximately 86.1% (N ϭ 62) of women in the control group and 75.3% (N ϭ 61) in the experimental group had the same examiner for both the first examination at complete cervical dilation, and at the 1-hour later second examination.
Fetal descent in the experimental group occurred at rates similar to the control group by the end of the first hour of the second stage. Eighty percent (N ϭ 64) of women in the experimental group achieved progress of one to four stations compared with 81.4% (N ϭ 57) of the control group (Table 4) . The "extent of fetal station progress" during the first hour in the two groups was examined by fitting a log-linear model using groups as a nominal variable and fetal station progress as an ordinal variable. The estimated odds ratio, that progress in terms of one fetal station unit would occur for a subject in the control group as compared with a subject with similar progress in the experimental group during the first hour, was 1.51 (95% confidence interval: 1.16, 1.95). Five women in the control group and two women in the experimental group delivered by the end the first hour. When the same analysis was performed after excluding these seven subjects, the odds ratio was not significantly different from one. Fetal position was occiput anterior in 82% (N ϭ 125) of the total sample. There was no difference between the control and experimental groups in the incidence (N ϭ 5 in each group) of third-degree perineal lacerations. Postdelivery hemorrhoids were documented in 32.4% (N ϭ 23) of the control group and in 21.5% (N ϭ 17) of the experimental group, but this was not a statistically significant difference ( p ϭ 0.132).
A multivariate test detected no statistically significant difference between the mean 1-and 5-minute Apgar scores ( p Ͼ 0.09) ( Table  5 ). Using the Association of Women's Health, Obstetric, and Neonatal Nurses (AWHONN) Guidelines for Blood Gas Interpretation, 16 normal values were found for the majority of the cord blood gas specimens analyzed (control group ϭ 95.2%, N ϭ 42; experimental group ϭ 90.6%, N ϭ 88).
The average length of second stage labor was 105.97 minutes (SD ϭ 73.48) in the control group and 119.65 minutes (SD ϭ 119.65) in the experimental group (Table 5 ). This 13.68-minute difference was not found to be statistically significant ( p ϭ 0.225). Although an attempt was made to identify possible covariates, including birth weight, mother's height and weight, neonatal head circumference, and fetal station as determined at the first and second assessment point, none were found to be significant. The difference in mean length of second stage decreased to approximately 8 minutes when women from both groups who delivered during the first hour of the second stage were excluded from the calculation. The range for length of second stage was 8 to 286 minutes in the control group and 9 to 307 minutes in the experimental group, with 63.9% of the control group and 61.7% of the experimental group experiencing a 2-hour or less second stage.
DISCUSSION
The study findings demonstrated that, whether or not directed pushing efforts occur in the first hour following the determination of complete cervical dilation, similar progress in fetal descent will result. Also, although women who delayed pushing for 1-hour after complete cervical dilation experienced approximately a 14-minute longer second stage, the clinical significance of this outcome should be questioned by clinicians. Consideration to the development of new criteria used to define a "prolonged" labor or "failure to progress" may also be indicated, given the support for diminishing the importance of time in these definitions as offered by the American College of Obstetricians and Gynecologists. According to their technical bulletin on Operative Vaginal Delivery, 17 time limits for labor could be more flexible because of improved surveillance tools available during the intrapartal period that identify the fetus who is not tolerating labor.
It was not surprising that the Apgar scores varied minimally in this study, because this parameter is known to be a rather gross indicator of fetal/neonatal well-being. Cord blood gas analyses may be a more sensitive parameter, but a larger sample is indicated because a limitation of this study was that over one-third of the cord blood specimens were not collected. Inconsistency in collection following delivery at study sites that did not routinely obtain cord blood specimens might be improved through additional staff training in subsequent studies.
To augment measurements of neonatal well-being, it is recommended that additional factors are also assessed in future research. For example, fetal heart rate monitoring patterns need to be evaluated in relation to pushing patterns, because they often provide the basis for the diagnosis of "fetal distress" even though the parameters for this diagnosis vary considerably, including within the same institution. 18 Also, while guidelines for managing "nonreassuring fetal heart rate patterns" include administration of oxygen therapy by mask and reduced pushing efforts (AWHONN, 1993) , 16 specific studies to support these interventions have not been reported. For example, do the fetal heart rate patterns and other fetal/neonatal outcomes differ if a woman "pushes" with every contraction versus every other contraction? Are lengthy periodic rest periods of 10 to 30 minutes throughout the second stage more beneficial? Would there be a decreased incidence of fetal distress if women were allowed to individualize their level of exertion during second stage with emphasis on minimizing pushing efforts as much as possible? There are also other potential limitations of this pilot study that should be addressed in subsequent research. First, the target sample was not reached as originally planned, but was adequate enough to detect a medium effect size. In future research, the ability to detect a small effect size with a larger sample, particularly for important variables such as neonatal blood gas values and other fetal/neonatal well-being parameters, is recommended. Also, although the use of tightly monitored randomization procedures supervised by perinatal clinical nurse specialists strengthened the validity of the findings, differences in population characteristics should also be examined with larger samples to account for potential variations among study sites. For example, because the mean length of second stage labor varied by site from 82.90 to 142.65 minutes ( p Ͻ 0.001), the impact of possible site-specific variables, such as age or other socioeconomic and health status factors, could be explored.
Epidural dosage levels varied only slightly among subjects and, therefore, is not considered to have a major impact on labor outcomes in this study. However, it is, recommended that the same anesthesia protocol be used with all study subjects in future research designed to replicate these findings to insure adequate control of this variable. Similarly, improved consistency in nurse examiners in the next research study will reduce any concerns about the extent of impact on the findings from possible variations in fetal station and cervical status assessments.
Comparative outcomes of perineal integrity as measured by frequency of perinatal lacerations and hemorrhoids between the control and experimental groups were negligible in this pilot study. However, current women's health research is being directed at ways to decrease the incidence of pelvic floor disorders thought to be at least partially attributable to the vaginal delivery process. 19 Therefore, even if the localized effects of variations in labor management are not easily discernable in the immediate postdelivery period, continued research designed to evaluate improvements in labor management guidelines may be warranted based on the potential for contributing data relevant to the long-term health of women.
Finally, the maternal position (i.e., upright versus recumbent), as an influential factor on the length of second stage and fetal descent progress, should be investigated. The advantages of upright positions in facilitating labor progress and fetal well-being for nonanesthetized women has received support in the literature. 20 -23 However, even though changes in epidural dosages have allowed for the increased use of upright positions during labor, including squatting during second stage, 24 outcomes from studies involving women receiving epidural anesthesia have not been conducted. Again, a randomized, controlled design with a larger sample may be indicated in research evaluating the impact of this variable because the majority of women in this pilot study (over 85%) assumed various recumbent positions throughout the second stage. 
